Multiple populations revealed in globular clusters (GCs) are important windows to the formation and evolution of these stellar systems. The metal-rich GCs in the Galactic bulge are an indispensable part of this picture, but the high optical extinction in this region has prevented extensive research. In this work, we use the high resolution nearinfrared (NIR) spectroscopic data from APOGEE to study the chemical abundances of NGC 6553, which is one of the most metal-rich bulge GCs. We identify ten red giants as cluster members using their positions, radial velocities, iron abundances, and NIR photometry. Our sample stars show a mean radial velocity of −0.14 ± 5.47 km s −1 , and a mean [Fe/H] of −0.15 ± 0.05. We clearly separate two populations of stars in C and N in this GC for the first time. NGC 6553 is the most metal-rich GC where the multiple stellar population phenomenon is found until now. Substantial chemical variations are also found in Na, O, and Al. However, the two populations show similar Si, Ca, and iron-peak element abundances. Therefore, we infer that the CNO, NeNa, and MgAl cycles have been activated, but the MgAl cycle is too weak to show its effect on Mg. Type Ia and Type II supernovae do not seem to have significantly polluted the second generation stars. Comparing with other GC studies, NGC 6553 shows similar chemical variations as other relatively metal-rich GCs. We also confront current GC formation theories with our results, and suggest possible avenues for improvement in the models.
INTRODUCTION
The longstanding notion that Galactic globular clusters (GCs) are quintessential simple stellar populations is now challenged by the discoveries of multiple populations (MPs) in an increasing number of GCs. The MP phenomenon has now been seen in main-sequence (MS), subgiant branch (SGB), red giant branch (RGB), horizontal branch (HB), and asymptotic giant branch (AGB) stars García-Hernández et al. 2015; Gratton et al. 2012 , and references therein). Among these stellar phases, giant stars are more luminous and thus more accessible for detailed studies. Color magnitude diagrams (CMDs) show prominent multiple RGBs in the cluster ω Cen when viewed in a number of different filters (e.g., Lee et al. 1999; Pancino et al. 2000) . In particular, UV filters are the best at revealing MPs, since the UV includes a number of strong molecular bands containing especially C and N, which are prime elements affected by MPs. The first cluster abundance anomalies were reported in Osborn (1971) , where two stars in M 5 and M 10 showed high N abundances in their DDO photometry. The Strömgren c1 index and the Washington C filter are also efficient in separating MPs in GCs (Yong et al. 2008; Cummings et al. 2014) . Recently, the Hubble Space Telescope (HST) UV Legacy Survey of Galactic GCs has observed 54 GCs through the F275W, F336W, F438W filters of the Wide Field Camera 3 (WFC3) on board HST and found MPs in their entire sample with a bewildering array of detailed behavior. The first paper of that survey successfully separates at least five different populations along the MS and the RGB of the cluster NGC 2808 .
While photometry is a time efficient way of revealing MPs, high resolution spectroscopy allows deeper insight into GC formation and internal stellar evolution by providing detailed elemental abundances for a number of elements with a variety of nucleosynthetic origins. N−C, Na−O, Al−Mg anti-correlations, and somewhat less frequently Si−Al correlations have been observed and discussed in numerous works: for example, Gratton et al. (2004) ; Carretta et al. (2009b Carretta et al. ( ,c, 2010 ; Villanova & Geisler (2011) ; Gratton et al. (2011); Carretta et al. (2014 Carretta et al. ( , 2015 ; Gratton et al. (2015) . These correlations are signatures of specific nuclear cycles. In particular, the CNO, NeNa, and MgAl modes of hydrogen burning are suggested to be responsible for the observed correlations (e.g., Arnould et al. 1999; Carretta et al. 2009c; Ventura et al. 2013) . Several possible astrophysical sites for the stars of the first generation that pollute the environment leading to a distinct second generation have been proposed, e.g., AGB stars (Ventura et al. 2011 (Ventura et al. , 2013 , fast rotating massive stars (Decressin et al. 2007 ), massive binaries (de Mink et al. 2009 ), and super-massive stars (Denissenkov & Hartwick 2014) .
The Galactic bulge (GB) is one of the most massive and likely the oldest components of the Milky Way and its stars are direct links to the pristine formation mechanisms of the early Galaxy Howes et al. 2016 ). However, despite its proximity and central role as a primordial component of the Galaxy, the GB has resisted thorough investigation due to high foreground extinction that strongly limits optical observations. Until recently, detailed spectroscopic studies with multi-object spectrographs have been mainly explored in a few low extinction windows, e.g., Baade's window and Plaut's field (Zoccali et al. 2008; Hill et al. 2011; Johnson et al. 2011; Ness et al. 2013) . Viewed through these windows, the GB field stars display more than one peak in their metallicity distribution function (Babusiaux et al. 2010; Ness et al. 2013 ). However, observing in the NIR helps to minimize the generally strong extinction and opens the entire bulge for study. Therefore, a NIR high resolution multi-object spectrograph, such as that used by the Apache Point Observatory Galactic Evolution Experiment (APOGEE; Majewski et al. 2015) , provides new opportunities to push forward our knowledge about the chemical evolution of the bulge (e.g., Schiavon et al. 2016) .
GB GCs provide important insight into galaxy formation as well as its subsequent dynamical and chemical evolution Bica et al. 2015; Cohen et al. 2016) . NGC 6553 (αJ2000 = 18 h 09 m 17.6 s , δJ2000 = −25
• 54 ′ 31 ′′ , l = 5.25
• , b = −3.03
• ) is one of the most metal-rich bulge GCs, and has Galactic coordinates in a Sun-centered system of X = +5.9 kpc, Y = +0.5 kpc, and Z = −0.3 kpc 1 . Therefore, NGC 6553 is at the near edge of the bulge and, accounting for a reddening (EB−V ) of 0.63, has a luminosity (MV ) of −7.77 (Harris 1996) . If MV is used as a rough proxy of GC mass, NGC 6553 is an intermediate-mass example in the bulge GC mass distribution. Note that we see a spread in the current values of Galactic coordinates, reddening, and luminosities from Guarnieri et al. (1998) , Harris (1996) , and Valenti et al. (2010) 2 , so these values may not be known to better than ∼ 10 − 20%. In terms of GC metallicity, Alves-Brito et al. (2006) noticed a significant range in literature values, −0.55 < [Fe/H] < −0.06 (a complete list of literature results can be found in the next section). Johnson et al. (2014) measured the Na, Mg, Al, Si, Ca, Cr, Fe, Co, Ni, and Cu abundances in twelve cluster members, and found the chemical pattern of NGC 6553 agrees with other bulge field stars, except for larger Na scatter. They suggested that this scatter may be caused by additional selfenrichment.
Thanks to the lower extinction and more available CNO molecular lines in the APOGEE survey, we recently found substantial chemical variations in several bulge GCs, e.g., NGC 6553, NGC 6528, and Terzan 5 (Schiavon et al. 2016, submitted) . In this paper, we present a more detailed analysis of the chemical pattern observed in the giant stars of NGC 6553 ( §2). We clearly separate two groups of stars in C and N ( §3). We investigate the APOGEE chemical abundances, and supplement it with two recent high resolution spectroscopic studies ( §4). We compare our results to the general picture outlined by literature GC studies, and discuss the possibility of applying AGB polluting models to explain the chemical pattern in NGC 6553 ( §5). Finally, a brief summary of the results and a look to the future are given in §6. 
SAMPLE SELECTION AND DATA REDUCTION
APOGEE was one of the programs operating during the Sloan Digital Sky Survey III (SDSS-III, Eisenstein et al. 2011 ). The multi-object NIR fiber spectrograph on the 2.5 m telescope at Apache Point Observatory (Gunn et al. 2006 ) delivers high-resolution (R ∼22,500) H-band spectra (λ = 1.51 − 1.69 µm), and the APOGEE survey targeted a color-selected sample that predominately consists of good stars across the Milky Way. APOGEE data reduction software is applied to reduce multiple 3D raw data cubes into calibrated, well-sampled, combined 1D spectra . In addition, the APOGEE Stellar Parameter and Chemical Abundances Pipeline (ASP-CAP; García ) derives stellar parameters and elemental abundances by comparing observed spectra to libraries of theoretical spectra Zamora et al. 2015) to find the closest model match, using χ 2 minimization in a multidimensional parameter space. Through SDSS Data Release 12 (DR12), up to 15 chemical elements were identified, and measured abundances provided. The calibrations of stellar parameters and abundances from the pipeline were described in . They compared the APOGEE abundances with those from other high resolution spectroscopic studies, and suggested that the internal scatter of the calibrated abundances is generally between 0.05 and 0.09 dex, while the external accuracy may be good to 0. and July 2014, where pipeline and calibration improvements made since DR12 are integrated, and more element species are identified, i.e., C i, Ti ii, P, Cr, Co, Cu, Ge, and Rb. Therefore, we decided to use the results from DR13. Note that all the element abundances are derived under LTE (Local Thermodynamic Equilibrium) assumption. Non-LTE effects for the NIR lines are poorly known but currently being investigated (e.g., Bergemann et al. 2013 Bergemann et al. , 2015 .
To gain as much information on cluster membership as possible, our spectroscopic targets were positionally matched to near-IR PSF photometry based on imaging from the VISTA Variables in the Via Lactea (VVV) survey . The resulting JHKS photometric catalogs have photometric zeropoint uncertainties and an astrometric rms of ∼0.02 mag and 0.2 ′′ , respectively, with respect to the Two Micron All Sky Survey Point Source Catalog (2MASS PSC, Skrutskie et al. 2006) . Examples and details regarding 2MASS-calibrated PSF photometry of preprocessed VVV imaging are presented elsewhere Mauro et al. 2012 Mauro et al. , 2013 Cohen et al. 2014) . In addition, the VVV PSF catalogs have been merged with bright stars from the 2MASS PSC that are saturated in the VVV images. The near-IR photometric properties and CMD of NGC 6553 are discussed in detail in Cohen et al. (2016) . In addition to employing the raw 2MASS-calibrated near-IR CMDs, we have also employed the reddening map of Gonzalez et al. (2012) to correct for spatially variable reddening, but we apply this map in a differential sense relative to the value of E(J − KS) that they report at the center of NGC 6553. Although reddening maps are available at higher spatial resolution close to the cluster center (Alonso-García et al. 2012), these maps rely on the use of cluster members, and therefore do not extend over the full tidal radius of the cluster.
We select candidate cluster members by leveraging to- gether all of the information at hand, including positions, radial velocities and abundances from APOGEE, and the aforementioned PSF photometry. We begin by considering only stars within 1.5 times the cluster tidal radius (Rt) from the Harris 1996 catalog. We include stars slightly beyond Rt because the tidal radius resulting from King profile fits, especially when relying on optical integrated light profiles, is not always well constrained (e.g., McLaughlin & van der Marel 2005; Cohen et al. 2014) . Extratidal stars identified via abundances consistent with their host clusters have been identified spectroscopically in some cases (e.g., Kunder et al. 2014) . Although this topic is beyond the scope of the present investigation, there were no stars in our sample falling slightly outside our radial cut that had photometry, velocities and metallicities clearly indicative of membership in NGC 6553. In Figure 1 , we plot the spatial location of all stars in the sample (within the 7 deg 2 APOGEE field), colorcoded by radius from the center of NGC 6553, with stars having R > 1.5Rt shown in grey. Stars that we consider to be members are plotted in Figure 1 as filled circles, and non-members are shown using small crosses; the large circle indicates the cluster tidal radius. Figure 2 shows these same stars in the plane of [Fe/H] Table 1 ), or in most cases, both. As a final check on cluster membership, we compare the locations of candidate members in the differential reddening-corrected near-IR CMDs against the expected locus of NGC 6553 in Figure 3 . There, we plot stars inside the cluster half-light radius in black and those within 1.5Rt in grey to highlight the relative locations of the cluster and field (e.g., Galactic bulge and disk) in the CMD. In addition, an empirical cluster red giant branch fiducial sequence constructed from statistically decontaminated photometry (Cohen et al. 2016 ) is shown as a red line. Given the differential reddening towards this cluster, as well as the formal uncertainties of the Gonzalez et al. (2012) differential reddening corrections, we do not make rigorous CMD cuts, but rather simply exclude all candidate members passing the aforementioned spatial, metallicity and velocity cuts that have CMD locations highly discrepant with the locus of the NGC 6553 red giant branch. Specifically, four candidates were considered non-members because they have (J − KS) colors more than 0.1 mag from the cluster fiducial sequence. An additional star with a radial velocity and CMD location consistent with cluster membership was excluded because it does not have reliable abundances from APOGEE. We note that two of the stars in the NGC 6553 sample selected by Schiavon et al. (2016, submitted) are excluded in the present work due to their CMD locations.
From the coordinate information, these ten cluster members have no overlap with the spectroscopic studies of NGC 6553 published after the year 2006, which include Alves-Brito et al. (2006), Zoccali et al. (2008) , Gonzalez et al. (2011 ), Johnson et al. (2014 , and Dias et al. (2015) . Most of the APOGEE spectra for our sample have signal to noise ratio (SNR) higher than 80, except the second star in Table 1 . Each star in our sample has a single one hour visit, so the SNR is correlated with the stellar brightness. The SNR plays an important role in estimating the uncertainties of element abundances . Three stars are labeled as "PERSIST HIGH" and six are labeled as "PERSIST MED". Persistence, where a significant fraction of accumulated charge is released over a long period of time, is particularly strong in one of the detectors (1.51−1.58 µm) used in the SDSS III/APOGEE survey . However, by comparing the results from spectra containing persistence pixels versus those without, suggests that persistence does not dramatically impact the parameters in DR12 data.
From APOGEE measurements, our ten cluster members show a mean RV of −0.14 ± 5.47 3 km s −1 . Our mean RV agrees with the other determinations: 4 ± 7.1 km s −1 (Cohen et al. 1999 ), 1.6 ± 6 km s −1 (Meléndez et al. 2003) , −1.86 ± 2.01 km s −1 (Alves-Brito et al. 2006), −2.03 ± 4.85 km s −1 (Johnson et al. 2014) , and 6 ± 8 km s −1 (Dias et al. 2015) . In addition, the APOGEE data yield a mean [Fe/H] of −0.15±0.05. This GC has diverse metallicity results from the literature: −0.55 ± 0.2 (Barbuy et al. 1999 ), −0.16 ± 0.08 (Cohen et al. 1999 (Johnson et al. 2014) , and −0.13 ± 0.02 (Dias et al. 2015) . We notice that as more high resolution and high S/N spectra have become available in recent years, the cluster metallicity is converging to between −0.1 and −0.2 dex, which agrees well with our result from APOGEE.
TWO POPULATIONS OF STARS WITH
DISTINCT CHEMICAL ABUNDANCES Figure 4 shows the calibrated chemical abundances from ASPCAP as a function of atomic number for NGC 6553 stars; see Table 2 Abundances of the light elements involved in proton capture processes (C, N, O, F, Na, Mg, Al, and Si) are known to vary in GCs, which is the main chemical evidence for MPs (Kraft 1979 (Kraft , 1994 Carretta et al. 2009b,c) . But the scarcity of strong C and N lines in the optical increases the difficulty of MP studies. Moreover, the C and N molecular line regions in the near-UV can be too crowded for metalrich stars, which increases the difficulty of line identification (Boberg et al. 2016 ). This situation is eased in the NIR, where more C, N, and O lines are available and these lines are less crowded.
In our APOGEE NGC 6553 sample, seven stars have an "N WARN" flag ( Table 1 (Villanova & Geisler 2011) . Interestingly, Mészáros et al. (2015) suggested that the separation between N-weak and N-strong groups increases with Using the Ks apparent magnitude as a proxy 5 for intrinsic luminosity, however, we find no such correlation in NGC 6553 (top panel of Figure 6 ). Mészáros et al. (2015) mention that ASPCAP temperatures in metal-poor GCs may be subjected to possible offsets with respect to ones based on photometry. NGC 6553 is one of the most metal-rich GCs, therefore the temperature offset should not be severe here. Furthermore, while there may be concern that the chemical variations are caused by temperature or surface gravity effects, the [N/C] vs. T eff and [N/C] vs. log(g) plots show this concern is not valid, because the two groups of stars have similar temperatures and surface gravities (middle and bottom panels of Figure 6) . Thus, the self-enriched two stellar generation scenario seems to be a viable theory to explain the chemical variations that we observed. Following the literature convention, we name these two stellar generations as First Generation (FG), and Second Generation (SG). The FG in NGC 6553 includes stars 1, 8, and 9 (Table 1) , while the rest of the stars are SG. The FG stars represent almost 1/3 of our sample (see §5.2 for more discussion).
CHEMICAL ABUNDANCES OF NGC 6553
Before we further investigate the other element abundances of NGC 6553 derived by APOGEE, it is helpful to know more about the error budgets of APOGEE measurements. estimated that the internal scatter for typical APOGEE abundance values is between 0.05 and 0.09 dex, while the external scatter is about 0.1−0.2 dex. Therefore, internally comparing the APOGEE calibrated abundances is more reliable. Recently, Souto et al. (2016) manually derived the chemical abundances for 12 stars in NGC 2420, one of the calibrating clusters for ASPCAP, and compared the results with the DR13 calibrated abundances. The derived mean metallicity for NGC 2420 stars is −0.16, which is very close to the mean metallicity of NGC 6553 stars. Therefore the Souto et al. study is informative for understanding the calibrated ASPCAP abundances that we use in this paper. Souto et al. found generally good agreements (i.e., 0.1 dex) in the chemical abundances between the manually derived results and the DR13 calibrated results, except for the elements Na, Al, and V. Note that the difference between results derived manually and that from DR13 is an indication of the external abundance scatter.
Nevertheless, we also plot the results from two recent high resolution studies of NGC 6553 in our figures: Alves-Brito et al. (2006, AB06) and Johnson et al. (2014, J14) . We include these two representative samples because the former sample was observed by UVES, which has very high spectral resolution (R=47,000) in the optical, and the latter one has decent sample size (N=12), though at lower spectral resolution (R=20,000). We use the measurements from J14 here, instead of the measurements from Zoccali et al. (2008) and Gonzalez et al. (2011) , for the following reasons: (1) the J14 and the Gonzalez et al. samples are selected from the Zoccali et al. sample. We pick one sample to avoid duplication; (2) the twelve cluster members in the J14 sample are identified by the [Fe/H] vs. RV diagram; (3) the results from J14 and Gonzalez et al. samples agree reasonably well, and J14 presents more abundance measurements. Unfortunately, we have no stars in common with the above samples.
The CNO, NeNa and MgAl cycles
Na and Al originally are synthesised by C and Ne burning in massive stars (Arnett 1971; Clayton 2007; Woosley & Weaver 1995) , but they can also be produced through the NeNa and MgAl cycles during the hydrogen burning (Arnould et al. 1999) . The noble gas Ne cannot be detected in cool stars. Meanwhile, O, as part of the CNO cycle, shows a decreasing trend with core temperature (Arnould et al. 1999) . Contrary to C and N, which are almost unmeasurable from optical spectra, O has a few forbidden lines in this optical region, e.g., [ O i] at 6300 and 6363Å. Though the exact nature of the polluters responsible for O and Na variations are still under study (see §5), the Na−O anti-correlation is broadly observed in GCs (e.g., Sneden 2000) , and has been used to distinguish the two generations of stars (e.g., Carretta et al. 2009c) . It is also seen in this work (Panel A of Figure 5 ). At the same time, the O−C i correlation presented in Panel B of Figure 5 also suggests the CNO cycle is activated. The Al−Mg anti-correlation is suggestive of the MgAl cycle. Carretta et al. (2009b) found that the Al−Mg anticorrelation is not always present in their sample of 17 Galactic GCs. The existence of this anti-correlation may be related to the mass and metallicity of the GC. Theoretical studies (Arnould et al. 1999; Ventura et al. 2013) indicate that the MgAl cycle requires higher temperature than the NeNa cycle, and the fraction of Mg that is transfered to Al is also smaller. In Figure 7, Carretta et al. (2009b) , who found that the Al−Mg anti-correlations are less prominent in metal-rich GCs, because the core temperature of the polluting stars may not be high enough to covert most Mg to Al. However, AB06 and J14 measurements show a large Mg scatter, possibly caused by the larger errors or different stars. In any case, no Al−Mg anti-correlation can be found in any of these samples. Clearly, the calibrated Mg abundances from ASPCAP have a smaller scatter than the optical Mg abundances, a finding that supports the notion that the former [Mg/Fe] measurements have higher quality.
Silicon is suggested to be a possible "leakage" from the MgAl cycle when the temperature is high enough (Arnould et al. 1999; Yong et al. 2005; Ventura et al. 2013 ). The temperature dependence of Maxwellian-averaged reaction rates for proton captures can be used to predict when the 28 Si leakage becomes predominant in the MgAl cycle (Figure 8 of Arnould et al. 1999) . Note that this temperature may be metallicity-and model-dependent. of a Si−Al correlation in metal-rich GCs with the Si leakage theory. The Si−Al correlation is also nonexistent in the APOGEE sample of NGC 6553 stars (Figure 8 ). The Si abundances from AB06 and J14 seem to be systematically larger than the APOGEE results. This may be caused by the Si zeropoint offset issue in APOGEE pipeline and calibration . However, similar to Mg, the calibrated Si abundances from ASPCAP also show smaller scatter than the optical Si abundances, indicating that at least their internal errors are small. In Figure 9 , Na positively correlates with Al for our sample, i.e., the three FG stars in general show lower Al abundances. Though the Al−Na correlation is not suggested in the work of J14, combining our sample, AB06 and J14 strengthens the visibility of the correlation. In general, we find larger scatter in the lower end of Na and Al abundances. If one considers the nucleosynthetic process associated with Na, the correlation between Na and Al may suggest the MgAl cycle has begun in NGC 6553 at a low level. Since Al is about an order of magnitude less abundant than Mg in the Sun and even more in the primordial stars in GCs (Carretta et al. 2009b ), the MgAl cycle may significantly change Al, but not Mg, as observed. The Al−O anticorrelation is also suggested in other GCs (e.g., Shetrone 1996; Kraft et al. 1997; Sneden et al. 1997; Carretta et al. 2009b , but also see Origlia et al. 2011 ). Figure 10 clearly shows that the Al−O anti-correlation is present in our sample.
α elements
According to the nucleosynthetic processes that are associated with different α elements during Type II supernova (SNe), O and Mg are commonly classified as hydrostatic α elements, and Si, Ca, and Ti are classified as explosive α elements (Woosley & Weaver 1995) . O and Mg are two of the primary α elements produced, and they are produced in almost the same ratio for stars of disparate mass and progenitor heavy element abundance. On the other hand, two of the heaviest explosive α elements, Ca and Ti, follow O and Mg in the Galactic environment (e.g., Milky Way bulge), but seem to have a substantial contribution besides Type II SNe in extreme extragalactic environment (e.g., massive elliptical galaxies; Worthey et al. 2014; Tang et al. 2014) .
We have shown that O and Mg abundances may be modified in the SG stars through the CNO and MgAl cycles. In Figure 11 , the two generations of stars have indistinguishable Si and Ca abundances. We note that the warmest star (Star 2) has the lowest [Si/Fe] and [Ca/Fe] , probably due to the weaker transition lines in hotter stars. As we show above, the Si precision in APOGEE is generally good, but there seems to be a zeropoint offset between the APOGEE data and the literature. In general, we find no obvious difference in Ca abundances between the two generations, which agrees with the similar statement of Carretta et al. (2010) and Mészáros et al. (2015) . The APOGEE Ca abundances show smaller scatter and smaller errors than the optical Ca abundances.
To summarize, we see no clear abundance differences in Si and Ca. Using them as indicators, we infer no significant different contribution of Type II SNe in the FG and SG stars.
Iron-peak elements
Though Type Ia SNe, runaway deflagration obliterations of white dwarfs, have a signature more tilted towards the ironpeak group (Nomoto et al. 1997) , the solar composition of the iron-peak elements are in fact a heterogeneous combination of both Type Ia SNe and core collapse Type II SNe (Woosley & Weaver 1995) . As one of the most metal-rich GCs, our sample stars of NGC 6553 show a mean iron abundance of −0.15 ± 0.05. 
DISCUSSION

Elements with larger uncertainties
In this section, we discuss the elements with larger uncertainties presented in DR13. We first notice that FG and SG stars seem to show different abundances in Ti, Ti ii, and V. To test this notion, we run the two sample Kolmogorov−Smirnov (KS) test on our sample stars. For [O/Fe] , and [Na/Fe], the KS test shows Pr 0.05, which means that there is a 5% chance that these two samples were drawn from the same parent distribution. Surprisingly, the two generations also show differences in Ti, Ti ii, and V with Pr 0.05. The reader is reminded that our sample size is rather limited, the KS test should be treated as illustrative, but provocative. Ti is generally considered as an α element, while V as an iron-peak element. The different Ti abundances in two generations indicate at face value that a substantial amount of Ti is generated for SG stars, the opposite of O. However, the Ti and Ti ii abundances from APOGEE may be subject to large uncertainties. The Ti and Ti ii abundances may show substantial differences for the same star, e.g., the largest difference is found in the most Na-poor stars of our APOGEE sample (Star 1). Recent study of Hawkins et al. (2016) suggests that some of the Ti i lines may be affected by NLTE effects. Moreover, the two generations of stars also show a separation in V abundances. [V/Fe] is currently not recommended because it displays a large scatter. Hawkins et al. (2016) suggested that V may be similarly affected by NLTE as Ti, since the [V/Fe]−[Fe/H] pattern becomes consistent with the literature after their line selection. In addition, the possible temperature systematics from ASPCAP ( §3) may drive the low excitation potential features, such as Ti and V, to change oppositely with respect to O. K, one of the Alkali metals, shows similar abundances for FG and SG stars, which may indicate different nucleosynthesis than the other Alkali metal, Na. This is quite possible since Na has been modified by the NeNa cycle. S abundances show a scatter of 1 dex in our sample stars, because its lines are too weak to be properly identified in the APOGEE spectra of our sample stars. For other elements newly identified in DR13 (P, Co, Cu, Ge, and Rb), there are a few things to note: the detection of the Rb line is extremely challenging; Cu and P both present two promising and strong lines, but one of the P lines is in a region heavily affected by telluric features (Hawkins et al. 2016 ). These elements tend to show large scatter and possible temperature trend (e.g., P in this work) in DR13. So we defer the studies of these elements to a future data release.
Comparison with literature works
On the basis of the Na-O anti-correlation in 15 GCs, Carretta et al. (2009c) concluded that the FG stars in GCs amounts to about 30% of the total population, what they call intermediate population amounts to almost 60% and in some clusters there is an extra about 10% in an extreme population (a similar conclusion has been obtained by Bastian & Lardo 2015) . Using the APOGEE data, we clearly separate two generations of stars, and the FG stars account for 30% of the sample, which is similar to the Carretta et al. value. However, we do not claim this to be statistically significant, due to the limited sample size of this work and unknown selection effects. A larger sample is required. Carretta et al. (2009b) found that the Al−Mg anticorrelation and Al−Si correlation tend to be more significant in metal-poor or massive GCs, while Ca does not show discernible difference between two generations in any GC (Carretta et al. 2010) . Mészáros et al. (2015) also drew similar conclusions on the aforementioned elements with a selfconsistent study of 10 GCs observed by APOGEE. NGC 6553 stars do not show a clear Al−Mg anti-correlation, and no distinguishable Si (and Ca) difference can be found for the two generations. As a metal-rich and intermediate-mass GC, NGC 6553 stars qualitatively agree with the literature results.
AGB polluting models
Historically, AGB stars (Ventura et al. 2011 (Ventura et al. , 2013 , fast rotating massive stars (Decressin et al. 2007 ), super-massive stars (Denissenkov & Hartwick 2014) , and massive interactive binaries (de Mink et al. 2009) have been proposed to predict the chemical behaviors of observed GCs. In this work, we select the AGB polluting models from Ventura et al. (2013, V13) to compare with our observations, because Renzini et al. (2015) argued that: (1) scenarios appealing to super-massive stars, fast rotating massive stars and massive interactive binaries violate in an irreparable fashion two or more constraints among their seven observational constraints; (2) the AGB models are not totally consistent with observational constraints (e.g., mass budget problem), but there seem to be ways to save it; (3) the AGB models explicitly illustrate the metallicity and mass dependence of the observed correlations. In the AGB polluting scheme, the dependence on metallicity for various correlations is a reflection of the fact that the Hot-Bottom Burning (HBB) is expected to occur at a higher temperature in more metal-poor stars. Meanwhile, the high-mass AGB stars reach higher temperature at the bottom of the convective envelope, i.e., stronger HBB. Therefore, the advanced nucleosynthetic processes (e.g., MgAl cycle and Si leakage) tend to occur in GCs with low metallicity or in GCs where pollution from massive AGB stars occurred.
The improved models of Ventura et al. (2011 Ventura et al. ( , 2013 presented yields from stars of mass in the range 1 M⊙ M 8 M⊙ of metallicities Z= 3 × 10 −4 , 10 −3 and 8 × 10 −3 . The Al−Mg anti-correlation can be qualitatively reproduced in the metal-poor models, but an extra dilution mechanism between gas ejection and primordial material may be required to reproduce the observed Na−O anti-correlation. Here we confront the metal-rich AGB models with our observations. In the V13 metal-rich models, stars with initial stellar mass lower than 3 M⊙ are dominated by third dredge-up (TDU), while HBB starts to take control of the evolution at the threshold mass of 3.5 M⊙. At the latter phase, the maximum temperature reached by the bottom of the convective envelope jumps to more than 80 MK. This temperature is very important, since various proton capture channels require ∼ 100 MK to be activated in the V13 models.
Pure AGB yields from the most metal-rich V13 models are plotted as cyan stars in Figures 5, 7, 8, 9 , and 10. The primordial abundances (P) are set to solar for C, N, Na, and Al, but +0.2 for O, Mg, and Si to account for the α enhancement. Initial stellar masses of the polluting AGB stars are 3.5, 4, 4,5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5 , and 8.0 M⊙. We indicate 3.5, 8.0 M⊙, and sometimes 5.5 M⊙ in the figures, since the last model shows the highest [Al/Fe] . The iron abundance of these models is in fact −0.5, somewhat more metal-poor than that of NGC 6553. However, the recent extension of the massive AGB V13 models to solar metallicity (Di Criscienzo et al. 2016) suggests that the AGB yields of the key elements (e.g., N, Na) do not vary significantly between [Fe/H]∼ −0.5 (V13) and solar metallicity (see e.g., their Figures 9 and 10) .
In Figure 5 , the FG stars show similar [C/Fe] [O/Fe] with the models, though the readers are reminded that the observational N abundances are estimated near the synthetic spectrum grid edge. In the V13 AGB models, the C depletion and Na enhancement are clearly stronger than those measured in the most contaminated stars in the cluster. The data of NGC 6553 can only be matched under the AGB scenario if some dilution of the AGB ejecta with pristine material is assumed to happen. Such dilution is required to explain both the Na-O anti-correlation and to reduce the discrepancy between model predictions and the data for [C/Fe] [Mg/Fe] in the pure AGB models, but the dynamic range of [Al/Fe] in the models is slightly smaller (although only of the order of the abundance errors of about 0.1 dex) than the observed one 6 . In this case, the dilution correction has a much smaller impact on the Al abundances. For example, the same degree of pollution required to decrease the Na of the ejecta (by ∼ 0.7 dex) to the highest value observed (∼ 0.4 − 0.5 dex) would hardly change the situation for Al, as the expected abundances of the latter element would decrease from ∼ 0.3 dex (in the pure AGB ejecta) to ∼ 0.2 dex (after dilution correction) (P. Ventura, private comm.).
The observed [Si/Fe] in Figure 8 obviously show an offset with respect to the models, which may be again related with the zeropoint issue found in DR13 calibrated Si abundances. However, the observed constant [Si/Fe] behavior is well reproduced by the models. This implies that the Si leakage from the MgAl chain is not present or very weak in NGC 6553. In Figures 9 and 10 , we again see that the theoretical primordial abundances are representative of the FG stars, but the slopes of the observed correlations are different than the models, mainly due to the lower [Al/Fe] and higher [Na/Fe] produced in the pure AGB models.
Before ending this section, there are some caveats in modeling that we should note. We compare the pure model yield predictions directly with the stellar abundance data for GC members following Ventura et al. (2011) . These comparisons are only meaningful under the notion that SG stars with a given enhanced abundance pattern are only enriched (or depleted) by those FG stars in the mass range required to generate the needed yields. An exceedingly fine tuning of the star formation and chemical evolution time scales is needed in order to accomplish even rough agreement with the observations. Such somewhat contrived requirements are posed by all self-enrichment models, so they are not unique to the particular models adopted for the comparisons in this work. Under those assumptions, our comparison with the pure AGB metal-rich V13 models shows that data can only be matched by assuming some dilution of the AGB ejecta with pristine material in order to reproduce the observed Na-O anti-correlation and the [C/Fe], [Na/Fe], and [Al/Fe] abundances. We defer a detailed quantitative confrontation between model and data to a future publication.
SUMMARY
We present our study of the stellar chemical abundances of the bulge GC NGC 6553 using calibrated APOGEE values from SDSS DR13. Ten red giants are identified as cluster members using their positions, radial velocities, iron abundances, and NIR photometry. Our sample stars have a mean RV of −0.14 ± 5.47 km s −1 , and a mean [Fe/H] of −0.15 ± 0.05, which are consistent with the more recent literature results. We clearly separate two populations of stars in C and N in this GC for the first time. Three stars are grouped as first generation (FG), while seven stars are grouped as second generation (SG). Strong N−C, Na−O anti-correlations are found with the abundances derived by APOGEE. The Al−Na correlation and Al−O anticorrelation are also confirmed. However, the Mg−Al anticorrelation cannot be confirmed since [Mg/Fe] show a scatter comparable to that from ASPCAP. We see no obvious difference in Si and Ca abundances for the two generations. Therefore, our results suggest that the CNO, NeNa, MgAl cycles have been activated, but the MgAl cycle is too weak to show its effect in Mg. The Si leakage from the MgAl cycle is also weak. Two generations show similar iron-peak element abundances (Fe, Cr, Mn, and Ni), which suggests that Type Ia SNe do not significantly affect the pollution of SG stars.
As a metal-rich and intermediate-mass GC, our results in NGC 6553 generally agree with the current knowledge about GC stellar abundance correlations, i.e., weaker Al−Mg correlation and no Si (or Ca) variation in metal-rich GCs. We also compare our results with the AGB polluting models of Ventura et al. (2013) . Our comparison with the pure AGB metal-rich V13 models shows that the observed data can only be matched by assuming some dilution of the AGB ejecta with pristine material. In addition, selfenrichment models with star formation and chemical evolution is necessary for further GC chemical studies.
From a sample of ten cluster members, we unequivocally identified two groups of stars with distinct chemical abundances in NGC 6553. Meanwhile, our discussions about various correlations (e.g., the Al−Na correlation) should be confirmed by a larger, self-consistent sample. Detailed studies of chemical abundances in other bulge GCs , submitted) will be also very helpful to understand the astrophysical processes in these stellar systems.
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